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TR B QI FA T TR 1 (B BRI B TR A

e, REE, X A, #2F, #Hpp, Fal

(R ISR 2 s B S PR 5B 2425 B, WE1 571158)

W OE: RN DG H AR AE AR LR AR AE MR L M FRAR B A bk 358, T4 %60 5 2 PCR R PR AR,
PRV T 0 FRMR 33 [EI RO R S5 A B e S AU HRE PR R 2553600 . [EIRRGZE Y Alpha 241 53k FE %
IR A b TR AR A AR T 1L M R BRJSEAR AR 5 S W Ay R bR 1 I3 [T Bl i A= W DL 4 77 11 A 1 S 7 1] (Pseudomonadota, 44.28% ~
70.60%) FIiZE 1] (Actinomycetota, 11.95% ~ 33.73%), %5 & M8 A MR8 & (Bradyrhizobium, 11.53% ~ 31.06%). i# R K&
(Nocardia, 4.97% ~17.07%). Hig 4k M98 14 & (Mesorhizobium, 4.44% ~ 12.97%) . ZMSAF i@ (Mycobacterium, 2.62% ~ 9.20%) . 4%
)& (Blastochloris, 4.34% ~ 10.12%). [#%&5K & (Aromatoleum, 1.97% ~ 5.39%). 434 BT 8 (Mycolicibacterium, 1.71% ~
3.78%) . [# A2 & (Azospirillum, 1.97% ~ 2.65%). Methylibium (1.22% ~ 3.77%), H.LI3fM: H 350 T PCoA 5 LEfSe 43k,
PATTIAR 3 M IR A YR AAAE 2 5, AR B R AR . v 2R EA . o BRI BT 40 . RDA 43#1 3R
W, 2%, . AV, 5FA PSR S)HUENE T TR 5 i YR 25 R EBSE R 2R

KR PUFTAR KR I chbL 3

FESES: S714.3 XHARERD: A

Soil Carbon Sequestering Microbial Communities in Jianfengling Tropical Rainforests of

Hainan Island
CHEN Hongli, ZHAO Zhizhong, WU Dan", YU Yuying, HAN Zhixu, HUO Hongyi
(College of Geography and Environmental Sciences, Hainan Normal University, Haikou 571158, China)

Abstract: Soil samples were collected from the lowland rainforest secondary forests, montane rainforest secondary forests, and
montane rainforest primary forests in the Jianfengling of Hainan Island, absolute quantification PCR and high-throughput
sequencing technology were used to explore the diversity and composition of carbon sequestering microbial community structure
in soil and its influencing factors. The results showed that both a diversity and gene quantity of carbon-fixing microorganisms
were higher in lowland rainforest secondary forest than in montane rainforest primary forest. The dominant phyla of soil
carbon-fixing microorganisms in the Jianfengling rainforest were Actinomycetota (11.95%-33.73%) and Pseudomonadota
(44.28%-70.60%), the dominant genera were Bradyrhizobium (11.53%-31.06%), Nocardia (4.97%-17.07%), Mesorhizobium
(4.44%-12.97%), Mycobacterium (2.62%-9.20%), Blastochloris  (4.34%-10.12%), Aromatoleum (1.97%-5.39%),
Mycolicibacterium(1.71%-3.78%), Azospirillum (1.97%-2.65%) and Methylibium (1.22%-3.77%), and facultative autotrophs
were predominant. PCoA and LEfSe analyses revealed the differences in soil carbon sequestration microbial communities among
the three forest types of tropical rainforest, with marker species belonging to Actinomycetes, y-Proteobacteria, o-Proteobacteria
and [B-Proteobacteria, respectively. RDA analysis showed that total nitrogen, total phosphorus, organic carbon and readily
oxidizable carbon were important soil factors for the differences.

Key words: Tropical rainforest; Carbon sequestration microorganisms; High-throughput sequencing; cbbL gene
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A Wy e il b AR S R G b i ELEE A AU CO,
R, H | RMEY K CO, b AL
Tk B B 22 fl %, 7E L IBAT AL P A AR B Pt A O
YERB, HFRMEY EARMNIEIENGE T, |2
W E LSRG, I RE e Y ME LA A7 10 45
bk it B3 T HEAT CO2 B [ 5 , AT s 2k S L
W mE R AR UK EIA B LT e d bt
5%, AEREGHL A+ B0 B SRR Y BAE AT IR KR
0.5% ~ 4.1%f1) CO,, Jjimik C0.6 ~4.9 Gtl,

TEAER COp JHH Y, #aly Mk i T I E R Aw)
e, BRI My HE IR S SRR
MAE HARIRES T2 — AN, B W AR i fig & 18
7.65>101 t LA 18 5 e pR RS P st i JLT A Y .
TR, P X R R XHIR R AT CO, YR
ARV R BRI, L bGAHE ZRObR - S e P X T AR AL
TR HUREO P FE R AR ST, X
AR - S0 P A P 55 T R B2

QWIS [ SRR X2 TR IR AF 5 b 50 L I Y
JRIR R IX Z —, JR G AL, Y 2Rk
AFF 5% I X FE R A 2 T, XTI PR DX 4 P Y
L (2RI ) 9 A TR ST BV R AR S T T 8 2 B F
58, AB T - 8 B A W RV A5 F0 R AIE A AF 5 1 A
DLARGE AR BE B IR AR A FRGUE 5 MO RE F 3R
WAEY S ARE A SR, BRTERIIRY B IR0 ) [
BRI 6 45, Horh, RIRSUIREMEICHER 51k fE
RIA FEMAE Y EE COL 1Y E 2R R bE-1,5- 8%
1% 2 Ak 1N 4 6 (RubisCO) 2 1% 1 BA v ) OC B il
RubisCO I KRy 4aas N chbL & N HAT & Ry
PRAFAE Y PRTT R A Sy [T ke 4 TR A 1 40 T AN [R) A
BRYG  EE A W R RHE R B ST
DL b, AHIFGE AU BRGHE RN {0l T AR A 4K
Ll AR AR AR AN R AR AR AR 3 FhobikAR) £ 398

FFEXT 4, LA cbbL JEPRHARICY), FI 46X & it
PCR 1 e il b 00 7 A X = 398 11 e ke A 400 1) A
A5 5 ZREVEE T 43T, T X5 i P04 U P R AR
- 48 R SR W A O AR A A R EE R R T, LA
SRy & 1 TS T R A 9 [ e v )RR v R 4
HEFIRARYE 5 HE S .
1 MBE5RE
1.1 AR XHER

WEFE DA 165 7 48 P4 P B AR AU [ R 4 1 AR IR
P1IX(18°20" N ~ 18°57' N, 108°41' E~ 109°12'E) , J&
RER e By 05 Z= XA, AR 19.7 °C, 4EYy
KoKt 2 651.6 mm, FEKETE 5—10 H, THEM
W, QUGS [ RIS T, MR,
TEIFHR 800 m LUF B 3 Aii 5 (R R AR, LA HAK
g BN A AR LA K it ma A L SRR B AR L, FETREHK 800 ~ 1
200 m Hu Bz A 45 LB R AR, DABGIIRAMR . VR 453
MRUL KM WL, SRR ARG e | B
1.2 HREE&E

2023 4F 5 H FARUEIS (K AR AR (DC) . 1l
HRIARUAE AR (SC)LA B I AR SR LE AR (SY)3 Mk
RUTEAT - SRE il R AR o B PRI IR 3 B b (20 mx<
20 m), HFEHNIEE 6 MEE, BANEKL LHEES
PRH £ 5 om B R ME EYE, HERE 7om
(Y -5 6 B RIS T, BUREUREE A 0~ 20 cm,
3 AR R AR 54 4N (3>8>6) +KE, Hrhf +hE ikl
YRR AYERZAM, i 2 mm FiE 500 2 4y, —
13 R B 0 8 B 5 O VKA RS g =, IR T
—70 C BHRBAEH T FAEY =S, J—0h 1A
FrEE N AT G T LR AR A T A T 7 o A
i FEAAF I AR 1 R

&1 FEMERER

Table 1 Basic information of sampling sites

Feit ARARSA MER(m) () MR

PSR

SY1 [IIHIFARIEGGAR 1144 11 1

SY2 IIHLFIARIEGRAR 1 097 17 pig:
SY3 IHLFIARIEGRAR 1 066 15 pig
sc1 HFARRA AR 969 28 g
sc2 HFARYRARR 900 16 g
SC3 b FNARAEA 828 5 i

DC1 flRMbmitkkAAM 787 28 ik B i
DC2 [RMbMIMRKAEM 640 14 ik B i
DC3 fRMMiAkAM 498 22 fitk ¥4

[ ¥4 (Dacrydium pectinatum) . 43l #% (Castanopsis tonkinensis) .

JU5 (Psychotria hainanensis)

RRIAA . Aies . LTy
RRIAA . Aies . LTy

X% EA% (Dacrycarpus imbricatus) . JLF5 . KM Ei(Gironniera subaequalis)

B, L. RIFES
B LT, RIFHE

Tt (Vatica mangachapoi) . 145 (Koilodepas hainanensis) .

41177 (Amesiodendron chinensis)
HME. A%, HFk

FHF . MRS (Heritiera parvifolia) . J& 2% (Lannea coromandelica)
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1.3 9WAE

1.3.1 B AL I E K FH IR B 1
+4E pH, KEH(V: m)l 2.5 108, +HEEK
H(SWC)TE 105 C HEAR rbiod 7% 1+ 1 2 1 )5 U
FE, B E R R el 1 4 (TN)R T LI
FE AR I D8 A 48 4 g (TP) SR A 45 — %0 86 Bt
Lb 8, 32 I 5 1815+ HEAT HL Ak (SOC) R HH o 4% i 4 —
e R 0 AR I s 8 + 48 5 A A ML (ROC)
K P e Al R B AU v T s 905 R AR SR RO
R BE A 7 1200

1.32 1L DNA $EHL X Powersoil DNA
Isolation Kit(MOBIO.USA)iX 7| & #EH 1 5 DNA,
AR e IR G U 15 1T DNA I8 ke
J&, B2 pL DNA 39 fdt TR (ot 22410 AT UL 20 o
11 (Nanodrop ND1000, USA)KG ¥ & Fnai i, I
1% BytHEM eI FEL VKA DNA S8

1.3.3  IEERRIIBESL cbbL ¥ 44 5 )y
W oy g & [ cbbL 7 84 Ay L WF 51 ¥ oA Kof
(ACCAYCAAGCCSAAGCTSGG), FiEgl¥h Vvar
(GCCTTCSAGCTTGCCSACCRC), HEtK N 492 ~
495 bp, PCR JXJWi1AZ (25 uL): 5xReaction Buffer
ZEMIR 5 uL, 5>High GC Buffer ZZihifg 5 uL, 2.5 mmol/L
dNTPs 2 uL, iF. JRIa5144 1 L, Q5 DNA R4
0.25 uL, #iHz DNA 2 pL, ddH20 8.75 uL, PCR FZJif
A 98°CTIAEM: 30 s, ffifitl DNA oAk, SR
JEHEAY G (98 CLR-F 15 s MBI AP, J5 BRI
£ 50 C fRFF30 siBk, 7 72 C {8 30 sffi5l
PITERMR (R4 DNA, S8 1 MEHR), EEE
27 AEY 341 DNA hrBe R 2, |5 72 C
TREE 5 min =Yt fioe®, 4 CLRfF. PCR 41
RN ABI 2720,

PCR =¥y 4lifb 5% & b I IR £ 5 2> 7 R H
llumina % & % EE% DNA FBEE 7 U . i
Vsearch J7 Bt JEL a0 o A T DR 42 | A L Tk,
PAFETRITH, T 97%RIAR B EE KPR X v o
FPANH#EAT RS, R AR T S AR 43 2 5T (OTU)
#, WXt NT %045 & (Nucleotide Sequence
Database), X} OTU fRERIFHIHFITYR IR, 15
B RUEE LR
1.3.4 - 5 [ o 2 A £ 0 K 46 % 5E B
PCR(AQ-PCR) Jr ¥ ll [5] e 1 A= ¥ cbbL JE PN
B2, RHIA b K2fiver 519, kSR 2>SYBR
real-time PCR premixture 10 pl., 10 umol/L AT
5145 0.4 uLo RN 5. 95 C A8k 5 min,

JEHEAY HIEA(95 C A 15 s, JEREEZE 60 C
PRFFR K 30s, 8 1AMEIR), A 40 MG, 5L
3¢ tE B PCR Y. LightCycler4801.384, Roche.
14 HUIELESSH

{8 1] Excel 2010 F1 SPSS 19.0 {43 B kA7 ik
S5 a0, FIHBEZES 2550 (one-way
ANOVA) 5 f5e /)N g 25 1 22 5 (LSD) 7k X 454 1] A% 1
HATZ B ILH (0=0.05); ] Origin 2021 i [k
SN EREEERE, M QUME2(2019.4)F8 5 HEF T & 5k
AEYITT . JEAKCER RS R T R R 4.3.0 72
Py “ape” B T EAEFRIT(PCOA) . “Vegan ™t il
FFIUA M (RDA), FHi ] “rdacca.hp” f3ET 04T
SIFTIALIE R2 S5 AT 2 o HI0f g BRI AR it
XoF HE VA 540 22 S sk R A, RIS B “ggplot2”
W HEATAHR 25

2 HBREHS

2.1 BB TIEEBUMER
23 U UV AT TR APRA () bR AR 4 S8 1Ak Mk A7 7 25

, UL AR AR AR 1+ 4% pH & TN, SOC. ROC
S b T HAAREL, {2 TP, Clay &8 T HAt
R AR FR AR A ARAY Clay, Silt & i T HiAh Ak
U, {0 TN SRR T I AR . 1L AR A Ak swe
T HABAK Y, HAE bR A 34 T H A B bR
ZIH Gk 2).
2.2 EWMETEEBRMEDSEE

Ko 5 bR RY A T ] e G AE 0 2E AT v 38 I A
BT, Ll W AR B G5 Ak 3 Bt 1l 3 591175 5] 61 007, 54
305. 71 572 A RUFHN, L HL R AR AE AR 3 Bk
M43 575 5] 62 289, 654 112, 617 689 4 A XUF 51,
G b T AR YR AE bR 3 Bk b 4353175 %1 55 801,56 152,
71950 AT 5. ATLAE W, BEE DU EREE 4 0
R, B 1 Chaol F & AL 1148 %L & Shannon £
BEPESRBOZ T 20351 &, 2 W0 25 51 2 08 I e
RIEEA T & 1 2 RENE, B 3AE S LR T s
/R (SINS

- 8 Bk 2 ) B 2o R T R R o R b
7% ZAE1E R Shannon $5 4. Simpson 48 % LA S RAE
BV EERY Chaol 48%(. Observed species 5%k
FoR (3 3)o3 MMALY L HEFE I A W o ZFF
P 8 50 A S22 AR b TR PR U A bR > 1t W ARUR 2
AR>S AR IR AR 34 . Bk Simpson #5504k, 10
i RR AR U A A A A RO Y 22 R M AR B0
BEER,

3 D SO

=
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Table 2 Soil basic physicochemical parameters under different forest types
FE b TN (g/kg) TP (g/kg) SOC (g/kg) ROC (g/kg) pH
Syl 1.85+0.06 a 0.04 +0.00 g 25.38 +0.92b 10.74 £0.36 b 438 +0.22 b
SY2 1.69 +0.06 b 0.06 £0.00 f 18.08 +0.43 ¢ 6.90 +£0.30 e 490 +0.18a
SY3 1.87 +0.06 a 0.06 £0.01 f 26.73+151a 14.70 £0.57 a 3.78+0.12¢
SC1 1.00 +0.03 f 0.12 +0.00 b 11.99 +0.16 f 5.08 +£0.09 f 4.12 +0.08 d
SC2 1.50 +0.03 d 0.09 +0.01d 19.55 +0.14d 7.61 +0.47d 4.17 +0.06 cd
SC3 1.23+£0.03 e 0.11 +0.00 ¢ 17.55+0.18 ¢ 5.44 +0.18 f 4.1+0.08d
DC1 1.61 £0.09¢c 0.10 +0.00 cd 22.09 +0.52 ¢ 9.61 +£0.69¢c 3.77 030 e
DC2 0.79 £0.03 g 0.07 +0.01 e 10.47 +0.85 g 2.88+0.38 h 4.23 £0.09 bc
DC3 0.99 +0.03 f 0.19 +0.02 a 12.44 +0.49 f 3.53+0.34¢g 4.35 £0.09 bc
FEH SWC (%) Clay (%, V/IV) Silt (%, VIV) Find sand (%, V/V)  Coarse sand (%, V/V)
Syl 13.50 +1.00 ef 1.79 +0.04 g 19.27 £0.15¢g 17.08 +0.2d 61.65 +0.26 b
SY2 18.88 +0.85 ¢ 1.68+0.11¢g 19.18 +2.48 g 13.34 +1.33¢ 66.89 +3.60 a
SY3 16.85 +1.39d 5.47 £0.23 ¢ 56.98 +3.00 b 26.9+132a 11.36 +2.75¢
SC1 13.32 +1.27f 4.15+0.09d 24.72 +0.51 e 22.79+0.33 b 48.48 +1.10d
SC2 20.17 +0.89 b 5.64 +0.36 bc 39.50+1.25¢ 11.45 +0.18 f 43.39 +1.69 cd
SC3 16.94 +1.09d 3.74+0.1e 40.56 £1.52 ¢ 1353 *+1.13e 42.7+£2.84d
DC1 2472 x1.29a 6.26 £0.11 a 7391*16a 20.33+1.33¢c 0.18 +0.21¢e
DC2 1462 +1.15¢ 3.4+0.09f 2242 +091f 2253 +09b 52.12 +2.08 bc
DC3 9.02 +0.43 g 5.77+0.13b 31.57 £1.24d 20.5+0.81c 42.44 +£2.14 be

W AR RING TR A R 22 0] 25 5 1 3% (P<0.05); TN: &%l; TP: 4W; SOC: THEAHLEE; ROC: +HIESEAHL

B; SWC: THEE/KE; Clay: Zki; Silt: #pki; Findsand:

Y07b; Coarse sand: FW; FIl,

12 000+
= 0 SY] 10 =9 SY]
= 10 000 = ®S5Y2 = ®5Y2
o - o5Sy] H - SY3
= 8000} m-—SCl -9 SCi
= = ®SC2 = @ S5C2
b = 0S5C3 = 6 == @ 5C3
6000 =@ DCl == @ DCI
8 == @ DC2 2 = ® DC2
4L 4000k == ® DC3 2 4 == @ DC3
3 E
£ 2000+ & 2
@]
0F 0
5000 10000 15 00020 000 25 000 30 000 0 5000 100001500020 00025 00030000
WA RRE AR
Bl RBRASTI DR ER N NRE %
Fig. 1 Rarefaction curves of soil CO,-fixing microorganisms in Jianfengling tropical rainforests
*3 SWETEERMEYSHEMEERR
Table 3 Diversity indexes of soil CO,-fixing microorganisms in different forest types

i Chaol 5% Observed species 5% Simpson 5% Shannon 5%k

Sy1 7984.87 £387.52 ab 4 545.88 +£228.72 ab 0.98 +0.00 b 8.72+0.11b

SY2 5836.12 £764.70 b 3849.12 £519.48 b 0.99 £0.00 ab 8.97 £0.29 ab

SY3 7732.00 £317.25 ab 4 605.38 +£182.78 ab 0.98 +£0.00 b 8.79 £0.06 b

SC1 7 469.56 +1148.11 ab 4 473.38 £654.14 ab 0.99 £0.00 ab 9.30 £0.29 ab

SC2 7884.16 £274.61 ab 5065.17 £175.34 ab 0.99 £0.00 a 9.81 £0.07 ab

SC3 7 575.55 +1008.81 ab 4594.02 £592.92 ab 0.99 £0.00 ab 9.33+0.33ab

DC1 10 980.09 +524.81 a 6 146.40 +340.06 a 0.99 £0.00 a 9.98 £0.15a

DC2 9316.99 £1189.71 a 5781.80 £711.47 ab 0.99 £0.00 a 10.11 +0.33 a

DC3 10 349.47 +356.72 a 6178.80 +£261.46 a 0.99 £0.00 ab 9.85 +0.14 ab
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23 BB TEEBRMEVEREE

“axfE PCR M4 REHI(& 2), b Ak
Jirt s A A 8 e 2R A Y R D E BEAE 1.06%10°8 ~
2.91x10° copies/g T4, IR A ML = A
2.91x10° ~ 4.76x10° copies/g T+, fIH1FIARU A=A
LR FEBEAE 2.21<10°8 ~ 3.70%10° copies/g T+, FEA
= B B S B L b T PR A ARSI R AR A B> L
RN ARIR AR, Hirh SC2, SC3 AL A 42 4 i 3 1
T SY3 FEML(P<0.05), AN H] I I % 25 5%
24 BHETEERBEMRETEREY

ARG, 3 AMRAL A AR 51 e e A 2 [ e
AP )E 9 4N, 154K, 27 A~H, 55 4L, 95
A& T TR b (] 3A), R 8 4 1] (Pseudomonadota)
F R B 1] (Actinomycetota) g & AR B 1Y T, 9
KBTI LB R AR JE AR AR 3 AR 3 (5 Lo
70.6% . 11.95%, fE LLi MRS AR Az AR oF- 34 LR
50.76% ., 19.28%, 7EIKHh AR A AR F- 35 15 Ry
44.28% . 33.73%. 1EJ@/K-F- (& 3B), Xl 30 &
AT M, 18 A4 AR 98 1 @ (Bradyrhizobium, 11.53% ~
31.06%) . i# < K J&@ (Nocardia, 4.97% ~ 17.07%).
FRPE A= MR IR T J& (Mesorhizobium, 4.44% ~ 12.97%) .
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Fig. 2 Abundances of cbbL genes in soils of different forest types

BT B & (Mycobacterium,  2.62% ~ 9.20%) ., f4¢
i# J& (Blastochloris, 4.34% ~ 10.12%). [& % NiE)E
(Aromatoleum, 1.97% ~ 5.39%) . 434 1 BRFTTE 14 s
(Mycolicibacterium, 1.71% ~ 3.78%). [H& &K )E
(Azospirillum, 1.97% ~ 2.65%) . Methylibium (1.22% ~
3.77%)9 /1™ & 145 AR BURE M o B AR XS F R T 1%,

M Pseudomonadota
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Fig. 3 Community structure compositions of CO,-fixing microorganisms at phylum(A) and genus(B) levels in soil of different forest types
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R HEEE . Horb, L AR R AR AR 3R AR B
A8 18 A AR R B (31.06%) F1 2F 41 1 i (10.12%) ;
Ly b T AR VR AR PR 3 B B I AR T O 0 A AR R TR
J&& (17.15%) F1 r 18 A= AR T (12.97%) s 7E IR HE R AR
AR FZ PR R i IR & (17.07%) Al
1 A LR TR ) (11.53%)
25 BWETEEMMEYEREENER
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Fig. 4 OTU flower of soil CO,-fixing microorganisms in different

forest types
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Fig.5 PCoA analysis based on OTU abundance

SRy i — 20 7 A [ AR Y ] 1) 22 S A B AR
i, TP FE B 51T LEfSe 20T (LDA>4), 45
RN, TEAFMREE ISR 38 422 5589 (K
6A). TEJEKF L, fRHFARICAE SR AR E Y R Ny
LR TE N R A K 8 (Nocardia) . 20 BT 1 &
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Fig. 6 LDA scores (A) and evolutionary branches of different species (B) in different forest types
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Fig. 7 Redundancy analysis between CO,-fixing microorganisms community structure and environmental factors in Jianfengling tropical
rainforest
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